Studies were conducted in commercial sweet corn fields in upstate New York to collect information for developing a sampling protocol for egg masses and larvae of European corn borer (ECB), Ostrinia nubilalis (Hubner). Information was collected on 1) aggregation of populations in portions of the field (e.g., aggregation along borders), 2) distribution of sample observations for a whole-plant sample unit, and 3) distribution of insects within the sample unit (i.e., the within-plant distribution of eggs and larvae). Analyses of data indicated that distribution of egg massesand larvae throughout a field was essentially random with no evidence to support the hypothesis that eggs were preferentially laid near field borders where mating and resting of female adults occurred. From data on dispersion of ECB on individual plants, a Poisson series is a reasonable model for characterizing distribution of ECB egg masses. Parameters of a variance-mean model for the small larvae indicate that these larvae are highly aggregated but that aggregation becomes less pronounced as larvae mature. Since control measures are most effective against egg masses and small larvae, a sampling protocol that utilizes characteristics of both stages should be employed. An index of ovipositional activity measured via incidence of egg masses on plants can be determined by inspecting plants for presence of either egg masses or small larvae. This can be accomplished by using a binomial-based sequential sampling plan.
THE EUROPEANcorn borer (ECB),
, is the premier insect pest of the ca. 10,000 ha of processing sweet corn in western New York. Observations by growers, processors, and us have indicated sizable variation in the occurrence and abundance of ECB populations in individual fields. This indicates that it may be advantageous to sample ECB populations in specific fields and use these data when making treatment decisions.
For pest control decision making, estimates of densities of ECB egg masses and small larvae are most important. Hence, three life stages might be sampled: 1) the adults, if a relationship between trap catches of adults and egg mass deposition can be established, 2) the egg masses, and 3) the small larvae. The work of Oloumi-Sadeghi et al. (1975) and Kennedy & Anderson (1980) suggests that pheromone trap catches of ECB are not reliable population indices. However, Legg & Chiang (1984) proposed that there is a relationship between egg mass deposition and pheromone trap captures in specific cornfields. Considerable work has also been done with monitoring adult population trends with blacklight traps. Comparisons of blacklight trap catches with flush bar and dropnet catches of adults in vegetation surrounding cornfields (action sites) have been reported by Sappington & Showers (1983) . Additionally, Showers et a1. (1980) presented a model for predicting ovi-I Current address: Everglades Res. and Educ. Cent., P.O. Drawer A, Belle Glade, FL 33430. position based on catches of adults in action sites. Although these studies may help predict when and where to sample for ECB and hence help better allocate sampling resources, we feel that in New York within-field sampling for egg masses and larvae will provide the most reliable indication of the risk of injury to individual fields. This is because the diversified agricultural habitat in western New York imparts a patchwork pattern of ECB habitats and leads to variation in occurrence and abundance of ECB populations in individual fields. Furthermore, ECB is only one of many pests for which sample information might be collected by examining plants in the field.
A protocol for acquiring sample data and translating these data into management decisions is known as a decision rule. When constructing pest control decision rules, it is important to consider two things. First, a basal piece of knowledge is an understanding of how decision rules perform in different states of nature. For example, if a decision rule is to sample x plants and apply an insecticide when an insect's density reaches or exceeds y, it is important to know how this rule behaves when the population density is less than or greater than y. This requires knowledge of the distribution of the sampled random variable and knowledge of the accuracy of the sample estimate of the density. Second, it is important to consider the cost of obtaining the sample information and to weigh the cost of its acquisition with its contribution towards improved decision making.
In decision rules for the ECB on sweet corn in upstate New York. As a first step, we sought to determine the distribution of eggs and larvae using a single plant sample unit and the pattern of occurrence of the eggs and larvae within a field. We focused on the egg and early larval stages of the ECB because it is crucial to apply control before the insects become established in feeding sites within the plant. Once the larvae become established in the stalk or tassel, insecticide control efficacy falls dramatically; once they get established in the ear, the entire ear is unmarketable.
Materials and Methods
All work was conducted in commercial fields within a three-county area in upstate New York during 1983. The size of the fields ranged from 7 to 20 ha. Fields were separated from each other by > 10 km and the habitat around each field varied from woodlands to several commercial crops. Each field was treated with insecticides according to normal grower practices. Two data sets were collected. One consisted of weekly sampling of 10 fields (extensive data set); the other consisted of enumeration of ECB populations in 4 fields (intensive data set), each on a different day.
The 10 fields sampled weekly were examined from mid-July until the end of August. The corn in all fields had approximately the same phenology throughout this time period. Eight sites were chosen in each field; four sites were within 5 m of the field borders (border sites) and four were in the interior of the field (interior sites). Sites were selected in a systematic fashion with two border sites at opposite corners of the field and the two others on opposite sides and with all four interior sites chosen along a line connecting opposite corners of the field. At each site a group of 15 consecutive plants was randomly selected and examined for the presence of all stages of the ECB. When any ECB egg mass or larva was found, its position on the plant was recorded. Larvae were divided into three size categories rather than actual insta:rs: small, <5 mm; medium, 5-10 mm; large, >10 mm. These data were used to describe the location of the ECB within the plant and within the field.
The four intensively sampled fields were selected from the set of fields sampled weekly. Each field was sampled once by dividing it into a grid with ca. 150 cells of equal area. Within each of these cells four plants, two adjacent plants in one row and two adjacent plants in the next row, were examined for the presence of ECB. When any stage was found, its position on the plant was noted. These data were also used to describe the location of the ECB within the plant and within the field.
Results and Discussion
Between-plant Distribution. To examine the distribution of ECB using a one-plant sample unit, Taylor's power relationship (Taylor 1961 ) was used to model the sample variance as a function of the sample mean (S2 = am b ). This model was initially chosen because it has proven to be the most consistent and reliable over potential density changes (Taylor 1984) . Parameters were estimated for egg masses and small, medium, and large larvae using both the intensive and extensive data sets ( Table  1) . Point estimates of these parameters for the egg mass model are both close to 1 (a' = 1.22, b' = 1.04), which suggests that the egg masses, for the range of densities we observed, are distributed as a Poisson series for a single-plant sample unit.
A criterion for the Poisson series to be a good model of data described by Taylor's power law is that the confidence intervals for a and b contain 1. With the current data, these intervals can only be approximated because the independent variates in the model are not known exactly and the residuals of the model are not normally distributed. The latter conclusion is based on the correlation between the normal scores of these residuals and the residuals themselves. For a sample size of 32 and a correlation coefficient of 0.95, the null hypothesis of a normal model can only be accepted if the probability of wrongfully accepting the alternate hypothesis is very small (ex~0.01) (Ryan et al. 1982) . As a result, the probability of wrongfully accepting the null hypothesis, f3, is likely quite large. The influence of these two factors on the confidence interval is unknown. However, using a normal model, the 95% confidence interval for a is (0.006, 1.006) and for b is (0.79, 1.29).
As tributed as a Poisson series, the hypothesis must be rejected. This is because a for two comparisons is ca. O. As a result, the experiment-wide a is also ca.
O. However, the question of agreement with a Poisson series should not be answered in a yes/no fashion, but in terms of how well it fits. If the two cases where a is ca. 0 are eliminated, then for an experiment-wide a of 0.15, the comparison level a must be 0.012 to accept the null hypothesis. This experiment-wide error probability is relatively large and as a result, the power of the test, although unknown, should be quite good. Based on the approximate estimates of the parameters of the variance-mean model and the results of the meanvariance ratio tests, we feel that a Poisson series is a reasonable model for the distribution of ECB egg masses on individual plants .
The parameters of the variance-mean model for the small larvae indicate that these larvae are strongly aggregated on individual-plant sample units. Medium and large larvae are less aggregated than the small larvae.
Within-plant Distribution. Data from the intensive and extensive sets were combined for analyses of the within-plant distribution. Within a plant, the majority (98%) of ECB egg masses were found on the leaves, and of these, all but one was found on the underside of the leaves. Egg masses were uted with mean [2n -3]" and variance 1 (Elliot 1977 ). There were 15 unique variance-mean pairs for which a test of agreement with a Poisson series could be computed. These variance-mean pairs and the a required to reject the null hypothesis that the Poisson series is an appropriate model for egg masses on plants are listed in Table 2 . To accept the null hypothesis we require that a be relatively large since this ensures that {3 is relatively small. In situations where one wishes to scrutinize the validity of a null hypothesis, the value of {3 for a particular test is most important. This is because it is most important to detect disagreement with the null hypothesis. It is not possible to compute (3 for the current test since it is dependent upon a specific alternative distribution with which the data may be modeled. In terms of flat acceptance or rejection of the hypothesis that egg masses are dis-
The sample unit was a single plant and the sample size (n) was 120. The hypothesis testing procedure is based on the ratio s2 j m, which for a Poisson series is I, and (s2jm)(n -1) which is distributed as X2 with n -1 degrees of freedom. Four plots with 15 randomly selected plants per plot were sampled in the two portions of each field. Fig. 3 . Distribution of ECB egg masses and larvae in fields. Each point on a plot is the mean of a sample of four plants. The greatest mean for each plot is indicated by the tallest line and its value is indicated by the variable, Max. Sample points are not spaced on the plots as they were in the field. In the field, each sample point was approximately equidistant from all surrounding points.
is normally distributed with mean o and variance 1 (Elliot 1977) . In this case x = 15 and x + 5 is used since x < n/2. The a required to reject the null hypothesis is 0.153. Therefore, we conclude that there is no evidence to indicate that more eggs are laid in either the interior or border regions of the field. Additionally, examination of the data (Table 3 ) reveals that individual fields did not consistently have more egg masses in either border or interior locations.
also found on the ears, tassel, stalk, and tillers. The position of leaves (including tiller leaves) containing egg masses is plotted as a function of date and crop phenology in Fig. 1 . Fewer eggs were found in the upper one-third of the leaves than in the lower two-thirds; however, there is no significant difference in the distribution of the eggs among the three levels (x'. = 4.88). Leaves 3-11 were available for oviposition throughout the sampling period.
The pattern of larvae within the plant was examined by plotting the proportion of larvae found in or on different plant parts at two different times during the sampling period (Fig. 2) . The two time periods correspond approximately to the first and second half of the sampling period. Between 14 July and 6 August (whorl and tasseling stages), small larvae are most likely to be found on the tassel or leaves. A higher proportion of older larvae are found in the stalk and ears at this time. This phenomenon may be the result of movement by larvae within the plant or differential mortality on plant parts. As more ears become available and ears become larger (7-30 August), there is a tendency for larvae to be found on the ears and within the stalk.
Within-field Pattern. The within-field pattern of the ECB was examined in two ways with the two data sets. In each case, our working hypothesis was that ECB egg masses were randomly distributed throughout the field. In the extensively scouted fields, there were 20 occasions when the border sites contained more egg masses than the interior sites and 15 times when the converse was true (Table 3). Under the working hypothesis, the probability that border sites have more egg masses than the interior or that the interior has more than the border sites equals 0.5. A test of the validity of the null hypothesis can be made using a normal approximation to a binomial model. However, as with the case of testing the agreement of the count data with a Poisson series, the important parameter of such a test is {3. This value is unknown and is dependent on a specific alternative hypothesis. With the test, a tradeoff between values of a and {3 occurs (i.e., (3 becomes smaller as a becomes larger). Therefore, we require a to be relatively large before accepting the working hypothesis. With a correction for continuity, the variable z = ((x ± 0.5) --June 1986
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The data from the intensively sampled fields were used to generate plots of the position of egg masses and larvae in a field (Fig. 3) . Each position on a plot is the average number of ECB found on four plants. The larvae were plotted in addition to the egg masses since their position, assuming minimal dispersal by the larvae, is a measure of oviposition in a field. It is clear from these plots that neither the field borders nor the interior of the field harbor greater numbers of ECB and that the distribution throughout a field is essentially random.
The information needed to design an accurate within-field sampling protocol for ECB can be broken into three parts: 1) the pattern of individuals in fields (e.g., aggregation along borders), 2) the distribution of sample observations for a particular sample unit (i.e., the plant), and 3) the pattern of insects within the sample unit (i.e., the within-plant location of the eggs and larvae). Our examination of commercial sweet corn fields investigated these aspects.
The tendency for ECB to aggregate in certain areas of the field was first reported by Caffrey & Worthley (1927) . They reported aggregations of adult ECB in dense vegetation at the edges of cornfields and subsequent work by Showers et al. (1980) indicates that the number of adult female ECB caught in action sites is closely related to the number of egg masses laid in some areas of the field. Since females leave the field and mate and rest along the field borders, one might expect them also to oviposit more frequently on corn in the border areas. Our data from commercial fields do not support this hypothesis, but rather indicate a lack of aggregation in any portion of the field, indicating that samples should be taken at several sites in the field to get the best overall estimate of the field population.
The distribution of counts of ECB egg masses for a whole-plant sample unit can be described by a Poisson model. This does not imply that true population randomness exists because this demands total biological independence; the oviposition of an egg mass cannot influence the oviposition of another egg mass on the same plant. Rather, a situation of pseudo-randomness probably occurs, which is a sample condition in which interactions cannot be distinguished and the variance of sample observations is not significantly different from the mean. Nonetheless, the Poisson distribution is a good descriptive model for these sample observations. Chiang & Hodson (1959) reached similar conclusions with first-generation egg deposition in Minnesota corn as did McGuire et al. (1957) for ECB in Iowa.
When making decisions on the need for control of ECB, it is necessary to know the density, or index thereof, of eggs and early instars. This is because small larvae are the best life stage to control and eggs plus small larvae give the best measure of the threat of ECB damage. An estimate of egg mass density alone is not sufficient since such an estimate assesses the rate of oviposition over a narrow time window (ca. 3-5 days). By including small larvae in the sample, the period of time in which oviposition activity is measured is increased by up to 7 days.
Although egg masses are distributed randomly, the small larvae that emerge are aggregated on single plants or neighboring plants. As a result, a problem arises of how to design a sample plan that incorporates information from two populations that have different dispersion characteristics. One solution is to develop a measure common to both populations through which one population can be related to another.
If egg masses are measured as incidence on plants as opposed to density, a binomial model can be used. An incidence measure will slightly underestimate the actual member of ECB egg masses. For example, if the egg mass density is 0.26, which is very high, the probability of two or more egg masses per plant is ca. 0.028. If an incidence measure is used as opposed to a density estimate, at most 3% of the egg masses will not be counted. Hence, the bias introduced by using an incidence measure is minimal even with high egg mass densities. In a management context, this bias is not important since a decision to initiate control would be made regardless of the erroneous estimate.
Throughout a field, small larvae are found on randomly distributed groups or clumps of plants. These clumps can be used as an index of the previous presence of egg masses on a plant provided that a group of small larvae on adjacent plants developed from one or more egg masses on one plant in that group. For this condition to be satisfied, plants containing egg masses must be spaced far enough apart and larvae must disperse only relatively short distances so that larvae dispersing from egg masses on different plants do not intermingle. If this condition is not met, the incidence of egg masses will be underestimated.
We did not collect data to describe the distribution of plants with egg masses in a field. The data collected to ascertain whether more eggs are deposited in border sites versus interior sites are not suitable for this purpose. Therefore, we cannot determine the degree to which egg masses are contagiously distributed between plants. The available data do suggest that plants with egg masses are only minimally, if at all, clumped in a field. Eleven percent of the plots in the extensive data set had two plants with egg masses and none had more than two plants with egg masses (n = 119). Therefore, the likelihood that two or more plants with egg masses will be in close proximity to each other is probably small.
Data from another study (McGuire et al. 1957 ) also suggest that egg masses are approximately randomly distributed throughout a field and indicates that small larvae only disperse a limited distance relative to the size of a field. McGuire et
